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DYNAMICS AND DISTRIBUTION OF FISHES OCCUPYING A 
SOUTH DAKOTA POWER PLANT COOLING RESERVOIR 
Abstract 
Timothy R. Walters 
Distrubution, population number, growth rate, and reproductive 
activities of walleyes (Stizostedion vitreum vitreum) were studied to 
evaluate the potential of the Big Stone Power Plant cooling reservoir 
as a source of walleye brood stock. In addition, dynamics and 
distribution of bluegill (Lepomis macrochirus) and orangespotted 
sunfish (L. humilis) were examined. Walleye grew well, reaching a 
weighted mean total length of 271 mm at formation of annulus I. 
Survival of walleye was poor, with population estimates of 41 and 43 
fish in 1984 and 1985, respectively. Low sample size precluded 
analysis of distribution, but no consistent preference for an area of 
the reservoir was evident during spring and summer. Reproductive 
activity was limited. No eggs were collected with mesh samplers on 
the rip-rap, though one female captured in April appeared to be 
spent. Bluegill populations dominated the littoral fish community, 
comprising greater than 97% of the total fish population in both 1984 
and 1985, and bluegill ab•Jndance was significantly (P..: 0.01) greater 
than that reported by Wahl (1980). The bluegill population increased 
by approximately 50 % from 1984 to 1985, while standing stock 
increased from 15.6 kg/hectare to 40.5 kg/hectare. Bluegill were 
distributed primarily in the mixing and intake areas of the reservoir 
during May and June of 1984 and 1985. Mean bluegill back-calculated 
total lengths (calculated in 1984) were similar to that reported in 
most systems, while those calculated in 1985 exceeded growth in most 
systems. Length-frequency analysis indicated low survival of 
bluegill. Orangespotted sunfish population levels were consistent 
from 1984 to 1985, and relative abundance was significantly (P � 
0.01) less than that reported by Wahl (1980). Standing stock was 0.3 
kg/hectare in both 1984 and 1985. Orangespotted sunfish distribution 
varied from 1984 to 1985, with no apparent relationship to 
temperature. Catch rates of bluegill and orangespotted sunfish were 
significantly (P < 0.01) greater in trap nets set angled close to 
shore than in trap nets set perpendicular to shore in deep water. 
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INTRODUCTION 
Temperature, a major influence of power generating facilities, 
is among the more critical factors affecting growth and survival of 
aquatic poikilotherms (Cincotta and Stauffer 1984). Therefore, the 
influence of thermal alteration on aquatic systems has been of 
concern for many years. Clark (1969) estimated that by the year 
2000, the power industry would use one-third of our average 
freshwater runoff, and predicted a possible ecological crisis 
associated primarily with sublethal thermal effects. This 
perspective contrasts with the philosophy of the early 1950 1 s and 
1960 1 s, which expressed a concern with the possibility of massive 
fish kills from power plant thermal discharge (Gift 1977), and is 
more pessimistic than that of Trembley (1960), who noted that thermal 
effluent could benefit aquatic systems. 
In addition to thermal discharge, there are many other 
influences of power plants which may affect aquatic life. Ogawa and 
Mitsch (1979), Moore (1979), and Woolcott (1985) noted impacts of 
power plant operation through entrainment, impingement, and various 
toxic effluents. Other authors have specifically documented impacts 
by heavy metal contamination (Wiener 1978; Smith and Anderson 1981; 
Hall and Burton 1982). Talmage and Coutant (1978) also observed an 
increase in stress levels of aquatic organisms when high temperatures 
and other stress factors were combined. 
Most studies designed to predict the influences of power 
plants on aquatic life have been conducted under controlled 
conditions. (Cairns and Cherry 1983). However, many field studies 
have documented the effects of power plants on aquatic life. 
2 
Battelle Pacific Northwest Laboratories (1979a, 1979b) reviewed past 
ecological information collected from 14 cooling impoundments, and 
data did not indicate substantial disruption to these systems. Esch 
and McFarlane (1976) and Gibbons and Sharitz (1974) have also 
presented selected studies evaluating the effects of thermal 
alteration on aquatic life, but noted that power plants did disrupt 
the ecosystem. Studies included in these publications noted gas 
bubble disease, distribution changes, variations in abundance, and 
various other �mpacts. A review of the literature concerning the 
effect of thermal discharges on fish by Oak Ridge National Laboratory 
(1981) noted that species response to thermal discharges varied 
according to thermal preference, and that changes in distribution 
were common. 
Specific responses of aquatic systems to thermal discharge are 
unique to each site. Talmage and Coutant (1978), in a review of 
literature addressing thermal effects, noted that the physical, 
chemical, and biological changes caused by thermal effluent are site 
specific. Janssen and Giesy (1984) also stressed the dangers of 
attempting to generalize the results of a power plant impact study. 
They noted that effects in one system may be similar or contrary to 
those occurring in other systems. 
3 
Although most studies concerning the influence of power plants 
on aquatic systems have addressed detrimental impacts, cooling 
reservoirs may provide benefits. Beneficial uses of cooling 
reservoirs include recreation, stream flow augmentation, fish and 
wildlife use, aquaculture, irrigation, and scenic area designation 
(Clark 1969, Metz 1977). 
This study was proposed to evaluate the feasibility of 
maintaining walleye (lStizostedion lvitreum lvitreum) brood stock in the 
Big Stone Power Plant cooling reservoir. Recent studies of the 
reservoir (Wheeler 1979; Johnson 1980; Krska 1980; Sloane 1980; Wahl 
1980; Henley 1981; Younk 1982) provided information on the aquatic 
biology, but Maddux (1985) and the present study are the first 
efforts to investigate the success of large scale walleye stocking in 
the Big Stone Power Plant cooling reservoir. 
The objectives of this study were: 
1. To determine growth, survival, distribution, and reproductive 
activities of walleyes in the Big Stone Power Plant cooling 
reservoir. 
2. To determine if there were differences in population size and 
biomass of major littoral fish species between the current 
study and a previous study by Wahl (1980) . 
3. To determine spring and summer distribution of major 
4 
littoral fish populations. 
5 
STUDY AREA 
The Big Stone Power Plant is located in Grant County, South 
Dakota. The plant is owned jointly by Montana-Dakota Utilities 
Company, Northwestern Public Service Company, and Otter Tail Power 
Company. The cooling reservoir was completed in 1972, and began 
receiving heated effluent in May 1975. The reservoir has a mean 
depth of 4.9 m and a maximum depth of 10.0 m (Figure 1). Total area 
of the reservoir is 145 hectares. The entire shoreline, including a 
dike used to direct water flow, is composed of granite rip-rap. 
Cooling water for the 440 MW power plant is circulated by two pumps 
with a total capacity of 9.71 m3/s. These pumps are located on the 
east side of a T-shaped dike and heated water is discharged on the 
west side of the dike (Figure 2). Thermal alteration of the water is 
continuous excluding periods when the plant ceases operation for 
repairs. The power plant was shut down for maintenance in September 
1984 and 1985 during this study. Occasional mechanical breakdown 
also resulted in periodic suspension of operations. 
f@ 2� 
Meters 
Figure 1. Depth contours of Big Stone Power Plant cooling reservoir, 
South Dakota, at 341.l m above sea level. 
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Figure 2. Location of discharge and intake structures and 
delineation of discharge, mixing, and intake areas in Big Stone Power 
Plant cooling reservoir, South Dakota. 
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SAMPLE DESIGN AND METHODS 
The Big Stone Power Plant cooling reservoir was separated 
into three areas as delineated by the dike in the center of the 
reservoir and visible shoreline characteristics (Figure 2) . Station 
markers were placed along the shoreline every 200 m with each 
assigned a number (Figure 3). Station 31 was eliminated because of 
location near the intake pumps. 
From 24 May to 28 July 1984 and 22 May to 5 July 1985, single 
lead trap nets with 1.2 x 1.2 m frames, 2.54 cm stretched mesh, and a 
1.2 x 22.9 m lead were used to capture fish. In addition, a 7500 W, 
240 v AC electrofishing boat was used to collect fish. These two 
methods of capture were used to minimize sampling bias. During the 
above time periods and in April 1985, several experimental mesh 
gillnets (75 m x 3 m) were also used to determine if there was an 
offshore portion of the walleye population unavailable to shoreline 
sampling . 
Fishing effort in 1984 consisted of daily sets of six South 
Dakota single lead trap nets. Two nets were placed in each area of 
the reservoir each day, with specific sample locations determined 
using a random number table. Nets were checked every 24 h and moved 
to new stations daily. All nets were set with the lead angled along 
the shore and the trap frame near the water surface. The above trap 
net sets will be referred to as shallow sets. Fish were captured 
along the shoreline with the electrofishing boat three nights per 
20 
Discharge Intake 
Figure 3. Shoreline trap net sample sites at Big Stone Power Plant 
cooling reservoir, 1984 and 1985. 
28 
27 
10 
week. Sampling periods lasted from 40-80 min, and only one randomly 
selected area was shocked each night (Wahl 1980) . On 4-5 April, 
1985, 12 trap nets of varying mesh and lead size were placed 
throughout the reservoir to estimate the accuracy of the 1984 walleye 
population estimate. In addition, two experimental-mesh gillnets (75 
x 3 m) were placed in the reservoir on 13 April to sample the 
offshore portion of the reservoir. 
On 22 May 1985, intensive sampling with trap nets and 
electrofishing equipment was initiated. However, trap net effort was 
modified from the previous year. Eight trap nets were fished in a 3-
day rotating sampling scheme. Two areas of the reservoir, selected 
using a random number table, were sampled each day. All areas were 
sampled twice in each 3-day sampling period, with four trap nets 
placed in each of the two areas sampled per day . Traps were checked 
and moved every 24 hours, with trap station determined using a random 
number table. Two trap nets were set using the shallow method and 
two trap nets were set with the lead perpendicular to shore. The 
perpendicular sets will be referred to as deep sets. A coin toss was 
used to determine which nets were to be shallow sets and which were 
to be deep sets. Electrofishing was conducted 3-5 times per week 
after dusk beginning 3 June instead of 23 May. This delay was caused 
by equipment failure. 
To assess walleye reproduction, 60 1. 0 m2 egg sampling nets 
composed of commercial window screen and steel hoops (Michaletz 1984) 
11 
were placed throughout the reservoir and checked three days per week 
beginning 13 March and continuing through mid-May. Half of the nets 
were placed along the rip-rap at 0.0-1.0 m and the other half at 1.0-
2.0 m. 
Water temperature (C) at one meter intervals, surface and 
bottom dissolved oxygen (mg/1) and secchi disc visibility (m) were 
determined and recorded monthly at 10 sites in the reservoir. Sites 
were located 400 m apart along four separate transects (Figure 4). 
Temperature readings were taken with a Yellow Springs Instruments 
temperature probe. Water samples were collected in a Kemmerer bottle 
and dissolved oxygen determined with a Hach digitized titrator using 
the azide modified Winkler method. 
Fish captured were identified to species, measured (total 
length in mm), and weighed to the nearest gram. In 1984, fish were 
marked by removing a pelvic fin. In 1985, fish were marked by hole 
punching or clipping off an upper portion of the caudal fin. Scales 
were obtained by utilizing a random stratified subsampling s�heme for 
each species (Ketchen 1950). Each subsample contained 15 specimens, 
and stratum width was 20 mm for walleye and 10 mm for bluegill 
(Cleary 1949, Stroud 1949, and Forney 1965). Scales were obtained 
from the tip of the pectoral fin below the lateral line (Cleary 1949, 
Carlander and Whitney 1961, and Schavione 1981). 
ANALYSIS 
Population estimates were determined using the modified 
7 
2 
Discharge Intake 
10 
Figure 4. Water quality sampling sites in Big Stone Power Plant 
cooling reservoir, South Dakota, 1984 and 1985. 
Schnabel equation: 
Where: 
N =ZCtMt/l! Rt +l 
N = population estimate 
Ct= total sample taken on day t 
Mt= number of marked fish at large prior to day t 
Rt= number of recaptures in sample Ct 
t Rt = total recaptures (Ricker 1975) 
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Confidence intervals were calculated by treating the recaptures as a 
Poisson variable at a probability level of 0.05. Confidence 
coefficients were calculated using the following equation: 
1 - P = 0 .95 2: Rt + 1.92 .:t. 1.96 v'iRt + 1. 0 
(Ricker 1975) 
Confidence limits were substituted for Rt in the population estimate 
equation and a 95% confidence interval was obtained. 
Data used in estimating population number varied between the 
two years of study. Population estimates in 1984 were calculated from 
combined trap net and electrofishing mark and recapture. In 1985, 
two separate population estimates were calculated. One estimate was 
based upon trap net mark and electrofishing recapture, and the other 
estimate was based upon trap net mark and recapture. 
Age and Growth: 
Scales were pressed on acetate sheets using a heatless roller 
press (Smith 1954). Scale impressions were projected on a microfiche 
14 
reader and interpreted two or more times by separate individuals. 
All scales were read without previous knowledge of fish size (Bagenal 
and Tesch 1978) . Annuli were identified according to the criteria in 
Carlander and Whitney (1961) Regier (1962), Serns and Strawn (1975), 
Bagenal and Tesch (1978), and Ambrose (1983). Back-calculations of 
length were determined using the Fraser-Lee function. Standard 
correction factors for the body-scale relationship equations were 55 
mm for walleye and 20 mm for bluegill, Lepomis macrochirus (Carlander 
1982) . Growth of w·alleye from the Big Stone Power Plant cooling 
reservoir was tested against growth of Missouri River reservoir 
walleye using the student's t-test at probability levels of 0. 05 and 
0 . 01. 
Littoral Fish Distribution Analysis: 
Sampling methods varied from 1984 to 1985, with those in 1985 
allowing analysis of variance. Data in 1985 was normalized by taking 
the mean of four net catch rates in each area over a 3-day period for 
bluegill, and the mean of eight net catch rates in each area over a 
6-day period for orangespotted sunfish. Distribution of bluegill 
and orangespotted sunfish (Lepomis humilis) populations during 1984 
were examined using the nonparametric FUNCAT procedure, a SAS 
procedure using the Chi-square statistic to analyze functional 
categorical data. The ANOVA procedure was used to compare numbers of 
fish caught per net per day in 1985 at the 0. 05 and 0.01 levels of 
probability . In addition to these tests, the 1985 depth distribution 
15 
of each species was examined using the FUNCAT procedure. This test 
was only conducted on the 1985 data since all nets were shallow in 
1984. 
Relative Abundance: 
Relative abundance (number of fish per net per day plus any 
electrofishing contribution) of major littoral fish species in 1985 
was compared to relative abundance of the same fishes caught in 1979 
(Wahl 1980). Data was adjusted to equal sampling effort expended by 
Wahl, and tested at the 0. 05 and 0. 01 level of probability using the 
FUNCAT procedure. 
Water Quality: 
Dissolved oxygen, temperature, and secchi disk values from all 
sites within each area were averaged every month. Saturation levels 
of dissolved oxygen were determined using an oxygen saturation 
nomogram (Wetzel and Likens 1979) . 
16 
RESULTS 
Dissolved oxygen concentrations were similar in all three 
areas of the reservoir. Mean surface dissolved oxygen (SDO) ranged 
from 6. 3 mg/1 to 12. 5 mg/1 in the discharge area. In the mixing and 
intake areas, SDO ranged from 6. 6 mg/1 to 13. 6 mg/1 and 6. 8 mg/1 to 
13. 0 mg/1, respectively (Table 1). Mean bottom dissolved oxygen 
(BDO) exhibited wider fluctuations. Mean BDO values ranged from 1. 7 
mg/1 during May at the discharge area to 14.07 mg/1 during June in 
the mixing area (Table 2). 
Surface dissolved oxygen levels exceeded saturation during 
portions of the year. Mean surface dissolved oxygen levels in the 
discharge area exceeded 100 % saturation for 11 of the 15 months 
sampled and exceeded saturation levels in the mixing and intake areas 
for 7 months and 5 months, respectively. Bottom dissolved oxygen 
generally remained below saturation levels in the reservoir. The 
discharge and mixing areas exceeded 100% saturation during two 
months, and the intake area exceeded saturation levels during one 
month. 
Secchi disk depth visibility in all three areas generally 
changed uniformly. Mean secchi disk depth was higher in June 1984, 
January 1985, and May and June 1985 (Table 3). Overall mean secchi 
disk visibility was 1. 4 m, 1.7 m, and 1. 8 m for the discharge, 
mixing, and intake areas of the reservoir, respectively. 
Th� discharge area was the only portion of the reservoir which 
17 
Table 1. Surface dissolved oxygen (mg/1), surface temperature (C), 
and dissolved oxygen saturation in Big Stone Power Plant cooling 
reservoir from May 1984 to July 1985. 
Date Discharge Area Mixing Area Intake Area 
DO Temp Sat% DO Temp Sat% DO Temp Sat% 
1984 
May 7.4 29.5 102 % 7.8 23.0 95 % 7.7 23.0 94 % 
June 6.4 32.5  93  % 6.6 27. 2 87 % 6.9 25. 5 89 % 
July 7.5 34.0 110 % 7.4 30.9 104 % 
Aug 7.6 35.3 114 % 7.6 29.9 105 % 8.1 31.0 113 % 
Sep1 11.5 17.0 124 % 10.0 17.8 110 % 9.7 18.0 107 % 
Oct 6.7 28.5 91 % 7. 4 24.5 93 % 7.8 21.0 92 % 
Nov 10.0 18.8 102 % 9.8 10.9 93 % 10.5 11.0 100 % 
Dec 7.3 14. 3 74 % 9.5 8.6 85 % 9.8 7.8 86 % 
1985 
Jan 12. 3  15. 3 125 % 11. 2 6.1 97 % 13.0 1.5 100 % 
Feb2 12.6  14.0 125 % 13.6 5. 6 110 % o.o 
Mar 10.8 20.5 125 % 10.7 16.5 113 % 10.8 13.0 102 % 
April 7.0 27.5 93 % 8.1 22.l 97 % 8.6 19.0 97 % 
May 8.1 27.8 108 % 9.4 22.l 112 % 9.7 20.0 111 % 
June 8.8 32.5  126 % 10.0 27.7 132 % 10.0 27.5 132 % 
July 9.8 35.0 147 % 6.9 30. 2 96 % 6.9 29.8 96 % 
l Plant was shut down for maintenance in September 
2 Intake area was completely ice covered in February 
Table 2. Bottom dissolved oxygen (mg/1), bottom temperature (C), and 
dissolved oxygen saturation in Big Stone Power Plant cooling 
reservoir from May 1984 to July 1985. 
Date Discharge Area Mixing Area Intake Area 
DO Temp Sat DO Temp Sat DO Temp Sat 
1984 
May 7.4 23.0 91 % 7.4 22.3 90 % 7.2 21.5 86 % 
June 5.1 25.0 65 % 6.2 24.7 78 % 6.6 25.0 84 % 
July 4.4 29.0 60 % 5.1 28.0 69 % 
August 6.7 29.5 92 % 4.7 28.4 63 % 7.3 29.0 100 % 
Sep
1 9.1 16.3 97 % 8.7 17.0 94 % 8.2 17.0 89 % 
Oct 6.6 26.2 86 % 5.9 18.0 66 % 20.0 
Nov 5.8 13.0 57 % 7.3 11.5 70 % 8.7 10.5 82 % 
Dec 10.4 12.3 100 % 8.4 8.0 74 % 7.5 8.5 67 % 
1985 
Jan 4.6 6.3 39 % 10.l 4.0 81 % 11.9 4.0 95 % 
Feb
2 
13.6 14.0 130 % 14.l 8.0 125 % 
March 9.5 16.0 100 % 5.2 11.5 50 % 11.1 11.8 110 % 
April 6.7 27.5 89 % 3.2 21.7 38 % 8.7 18.5 97 % 
May 1.7 18.8 19 % 5.2 16.0 55 % 2.6 19.5 30 % 
June 9.2 25.8 118 % 4.6 24.0 58 % 10.2 27.5 135 % 
July 6.4 30.3 90 % 2.8 27.0 37 % 6.0 29.5 83 % 
Table 2 (continued) 
1 Plant was shut down during September 
2 Intake area was completely ice covered during February 
3 Water was pumped out of the reservoir in March and in . . . , the reservoir in April. 
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Table 3. Mean monthly secchi disk readings (m) in the discharge, 
mixing, and intake areas of Big Stone Power Plant cooling reservoir, 
May 1984 to July 1985. 
Date Discharge area Mixing Area Intake Area 
x SD x SD x SD 
1984 
May 1.4 0.015 1.9 0.156 2.1 0.100 
June 2.0 0.000 2.3 0.087 2.5 0.000 
July 1.2 0.000 1.2 0.037 1.5 
August 1.3 0.050 1.4 0.079 1.4 0.000 
September1 0.8 0.050 a.a 0.034 0.7 0.050 
October 0.7 0.000 0.8 0.045 0.9 
November 1.0 0.050 1.0 0.017 1.1 0.000 
December 0.7 0.000 1.0 0.161 1.2 0.000 
1985 
January 2.1 0.100 2.9 0.067 2.7 
Februar/ 1.6 0.000 1.5 0.075 
March3 1.0 0.050 1.1 0.037 1.1 0.100 
Apri13 0.8 0.200 1.3 0.122 1.3 0.150 
May 1.9 0.100 2.3 o.199 2.7 0.150 
June 2.0 0.050 2.2 0.201 1.8 0.050 
July 1.0 0.100 1.2 0.110 1.5 0.350 
Overall 1.4 l. 7 1.8 
mean 
l Plant shut down for maintenance in September 
2 The intake area was completely ice covered in February 
3 Water was pumped out of the reservoir in March, and in the 
reservoir in April. 
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stratified. Mean monthly surface temperatures in the discharge area 
ranged from 14.0 C to 35. 3 C (Table 1) . Mean monthly bottom 
temperatures in the discharge area ranged from 3. 0 C to 29. 5 C (Table 
2) . 
The mixing and intake areas produced similar temperature 
regimes. Surface temperatures in the mixing area ranged from 6. 1 C 
to 30. 9 C, while mean bottom temperatures ranged from 4. 0 C to 28. 4 C 
(Table 1, Table 2). Data from the intake area is incomplete, but 
mean monthly surface temperatures ranged from 0. 0 C to 31. 0 C, and 
mean monthly bottom temperatures ranged from 4. 0 C to 29.5 C (Table 
1, Table 2). 
POPULATION ESTIMATES 
Walleye estimates in 1984 and 1985 were 41 and 43 fish, 
respectively (Table 4 and Appendix tables F and G). The number of 
walleye captured in April 1985 with gillnets and trap nets supported 
the low population estimates. With 17 trap net days and one 
overnight gillnet set, 12 adult walleyes were captured, one of which 
was a recapture from 1984. 
Bluegills dominated the littoral fish community in both 1984 
and 1985, comprising over 97% of the fishes caught in both years. 
Orangespotted sunfish and walleye were also present in sufficient 
numbers to calculate population estimates. In addition to these two 
species, 14 other species were captured (Table 5). 
Total littoral fish standing stock varied substantially 
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Table 4. Population estimates and density of walleyes (Stizostedion 
vitreum vitreum) in Big Stone Power Plant cooling reservoir, May 1984 
and May 1985. 
Year 
1984 1985 
Population 41 43 
estimate 
95% CI 22-62 26-71 
Fish/hectare 0.3 0.3 
95% CI 0.2-0.4 0.2-0.5 
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Table 5. Species of fish captured in Big Stone Power Plant cooling 
reservoir during 1984 and 1985. 
Common name 
Bluegill 
Orangespotted sunfish 
Walleye 
White bass 
Darter spp. 
Yellow perch 
Black bullhead 
Rock bass 
Emerald shiner 
Spottail shiner 
Common shiner 
Black crappie 
Common carp 
White sucker 
Channel cat fish 
Freshwater drum 
Tadpole madtom 
Scientific name 
Lepomis macrochirus 
Lepomis humilis 
Stizostedion vitreum vitreum 
Marone chrysops 
Etheostoma spp. 
Perea flavescens 
Ictalurus melas 
Ambloplites rupestris 
Notropis atherinoides 
Notropis hudsonius 
Notropis cornutus 
Pomoxis nigromaculatus 
Cyprinus carpio 
Catostomus commersoni 
Ictalurus punctatus 
Aplodinotus grunniens 
Noturus gyrinus 
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between years. In 1984, total fish standing stock was 15.9 
kg/hectare (Table 6), while in 1985, total standing stock reached 
40.9 kg/hectare with the trap net mark and recapture population 
estimates (Table 7). Much of this variation was due to changes in 
bluegill numbers. In 1984, the bluegill population estimate was 
210,686 (Table 6 and Appendix table A). Two population estimates 
were calculated in 1985. The population estimate incorporating trap 
net marks and electrofishing recapture was 311,793 fish, while the 
estimate incorporating only trap net mark and recapture was 344,182 
fish (Table 7, Table 8, and Appendix tables B and C). The 95% 
confidence intervals for the two population estimates in 1985 
overlapped, but no overlap occurred between the 1984 estimate and 
either of the 1985 estimates (Table 6, Table 7, Table 8). 
Bluegill standing stock also differed substantially from year 
to year, but did not follow the same pattern as the population 
estimates (Table 6, Table 7, Table 8). Standing stock increased by 
135% and 160% according to trap net mark and electrofishing recapture 
and trap net mark and recapture, respectively. The bluegill 
population increased by 48% according to trap net mark with 
electrofishing recapture, and 63% according to trap net mark and 
recapture. The disproportionate increase in standing stock is 
explained by a change in length frequency distribution (Figure 5). 
In both 1984 and 1985, there was one major length frequency peak of 
approximately age I fish. In 1985, a greater number of fish age II 
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Figure 5. Bluegill (Lepomis macrochirus) length frequency histogram 
for Big Stone Power Plant cooling reservoir, 23 May to 1 June 1984 
and 23 to 29 May 1985. 
Table 6. Population estimates and density of major littoral fish 
species in Big Stone Power Plant cooling reservoir, May 1984. 
Species 
Bluegill Orangespotted Total 
sunfish 
Population 210,686 7516 218, 202 
Estimate 
95 % CI 180, 255-246,400 3,618-19,648 183,873-266,048 
Fish/hectare 1,453 52 1,505 
95 % CI 1, 243-1,699 25-135 1, 268-1,834 
kg/hectare 15.6 0.3 15.9 
95 % CI 13.3-18. 2 0.2-0.9 13.5-19. l 
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Table 7. Population estimates and density of major littoral fish 
species in Big Stone Power Plant cooling reservoir, May 1985. 
Estimates based on trap net mark and recapture. 
Species 
Bluegill Orangespotted 
sunfish 
Population 344,182 3,874 
estimate 
95% CI 
Fish/ 
hectare 
95% CI 
316,809-373,878 1,923-7, 269 
2,374 27 
2,185-2,578 13-50 
kg/hectare 40.5 0.4 
95% CI 37.3-44.0 0.2-0.7 
Total 
348,056 
318,732-381,147 
2, 401 
2,198-2,628 
40.9 
37.5-44.7 
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Table 8. Population estimates and density of major littoral fish 
species in Big Stone Power Plant cooling reservoir, May 1985. 
Estimates based on trap net mark and electrofishing recapture. 
Population 
estimate 
95 % CI 
Fish/hectare 
95 % CI 
kg/hectare 
95 % CI 
Bluegill 
311, 793 
260, 451-376, 033 
2, 150 
1, 796-2,593 
36.7 
30. 6-44. 2  
Species 
Orangespotted Total 
sunfish* 
311, 793 
------------- 260, 451-376, 033 
2, 150 
1, 796-2,593 
36.7 
30. 6-44. 2  
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*Insu:ficient captures for orangespotted sunfish population estimate 
incorporating trap net mark and electrofishing recapture. 
and older appeared. These additional fish contributed to the 
substantial increase in bluegill standing stock. 
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The orangespotted sunfish population remained stable during 
the study. Population estimates were 7516 and 3874 fish in 1984 and 
1985, respectively, and 95% confidence intervals overlapped (Table 6, 
Table 7, and Appendix tables D and E). Only one population estimate 
was calculated in 1985 because of insufficient recaptures while 
electrofishing. 
Standing stock of orangespotted sunfish also remained stable 
during both years of the study (Table 6, Table 7). Length frequency 
distribution was not similar in 1984 and 1985. In 1985 fish captured 
tended to be larger than those captured in 1984 (Figure 6). 
GROWTH 
Walleye grew rapidly in the Big Stone Power Plant cooling 
reservoir. Weighted mean total lengths of walleye in 1985 were 
271. 5, 412. 5, and 466.5 mm at ages I, II, and III, respectively 
(Table 9). Back-calculated growth increments were 271. 5, 111.9, and 
64.3 mm for annuli I through III, respectively (Table 10). Data from 
1984 was not analyzed due to errors in scale collection. Scales were 
collected more than one time from several individuals and not 
documented. This invalidated the growth analysis. 
Walleye length at each annulus was significantly (P � 0. 01) 
greater for all year-classes in Big Stone Power Plant cooling 
reservoir than walleye from Lake Oahe (Table 11). Differences in 
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Figure 6. Orangespotted sunfish (Lepomis humilis) length frequency 
histogram for Big Stone Power Plant cooling reservoir, 25 May to 1 
June 1984 and 23 to 29 May 1985. 
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Table 9. Back-calculated total lengths, in mm, standard error, ( ), 
and sample size of walleyes (Stizostedion vitreum vitreum) in Big 
Stone Power Plant cooling reservoir, South Dakota, 1985. 
Year- Age- Number 
Class group 1 2 3 4 5 
1984 1 20 246.6 
(3.1) 
1983 2 12 310.4 417.0 
(9.9) (10.6) 
1982 3 5 277. 4 402. 2 466.5 
(20.1) (5.7) (10.1) 
Weighted Mean 271.5 412.7 466.5 
(6. 4) (7. 7) (10.1) 
Total N 37 17 5 
31 
Table 10. Back-calculated growth increments, in mm, standard error 
(), and sample size of walleyes (Stizostedion vitreum vitreum) in Big 
Stone Power Plant cooling reservoir, South Dakota, 1985. 
Year- �ge- Number 
Class group 
1984 1 20 
1983 2 12 
1982 3 5 
Weighted Mean 
Total N 
1 2 3 
246.6 
(3.1) 
310.4 106.6 
(9.9) (9.4) 
277.4 124.7 64.3 
(20.1) (22.5) (10.4) 
271.5 111.9 64.3 
(6.4) (9. 2) (10.4) 
37 17 5 
4 5 
32 
Table 11. Mean total length (mm) and t-tests for walleyes 
(Stizostedion vitreum vitreum) in Lake Oahe and Big Stone Power Plant 
cooling reservoir, South Dakota, 1985. 
Year-class Annuli 
1984 
1983 
1982 
1983 
1982 
1982 
l 
l 
l 
2 
2 
3 
Mean Length 
Lake Oahe1 
190.9 
155.0  
146.6 
258. 2 
224.6 
301. 0  
Bigstone 
246.6 
310.4 
277.4 
417.0 
402. 2 
466.5 
t value 
7.35** 
15.04** 
6.50** 
13.46** 
27.92** 
15. 18** 
1 Unpublished data from South Dakota Department of Game, Fish and 
Parks 
** Significant at 0.01 probability level 
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mean length at annulus formation ranged from 55.7 mm for the first 
annulus of the 1984 year-class to 177.4 mm for the second annulus of 
the 1983 year-class (Table 11). 
Bluegill growth varied by year-class in Big Stone Power Plant 
cooling reservoir (Tables 12, 13, 14, and 15). Back-calculated total 
lengths and growth increments in 1984 declined with older fish (Lee's 
phenomenon) for all annuli except annulus 1 and annulus 2 for the 
1980 and 1982 year-classes, respectively. Back-calculated total 
lengths and growth increments in 1985 exhibited Lee's phenomenon for 
all annuli except annulus 3 for the 1980 year-class (Table 14, Table 
15). 
RELATIVE ABUNDANCE 
There were significant differences between deep and shallow 
net catch rates for bluegill (P < 0. 01) and orangespotted sunfish (P 
� 0.05) in 1985 (Table 16, Table 17). Three times as many bluegills 
were captured in the shallow sets, and two times as many 
orangespotted sunfish were captured using shallow net sets. 
Therefore, only catch rates from deep net sets in 1985 were tested 
against catch rates from 1979 (Wahl 1980), since Wahl used deep net 
sets for his population estimates. Significantly (P < 0.01) greater 
numbers of bluegill were captured in 1985 than in 1979, while 
significantly fewer rp < 0.01) orangespotted sunfish were captured in 
1985 than in 1979 (Table 18, Table 19). 
Insufficient numbers of tadpole madtoms and black bullheads 
Table 12. Back-calculated lengths, in mm, standard error, ( ), and 
sample size of bluegills (Lepomis macrochirus) in Big Stone Power 
Plant cooling reservoir, South Dakota, 1984. 
Year Age Number 
class group 
1983 I 116 
1982 II 24 
1981 III 20 
1980 IV 7 
1979 v 1 
All 
Total N 
1 2 
55.7  
(1.18) 
57. 2 119. 2 
(2.89) (2.67) 
48.0 103.5 
(1.80) (3.83) 
48.l 99. 2 
(3.75) (5.59) 
42.3 76.6 
(0.00) (0.00) 
54.6 109.6 
Annulus 
3 
158.8 
(3.11) 
151. 2 
(6.81) 
109.4 
(0.00) 
155.1 
4 5 
171.3 
(7.19) 
128.7 151.1 
(0.00) (0.00) 
165.9 151.l 
(0.98) (2. 43) (3. 27) (8.18) (0.00) 
168 52 28 8 1 
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Table 13. Back-calculated growth increments, in mm, standard error, 
( ), and sample size of bluegills (Lepomis macrochirus) in Big Stone 
Power Plant cooling reservoir, South Dakota, 1984 . 
Annulus 
Year Age Number 
class group l 2 3 4 5 
1983 I 116 55 .7  
(1 .18) 
1982 II  24 57 . 2  62 .0 
(2 .89) (3 .83) 
1981 III  20 48 .0 55 .5 55 .3  
(1 . 80) (3 .85) (4 .45) 
1980 IV 7 48 .l 51 .l 52.0 20 .l 
(3 .75) (2 .13) (7 . 34) (1 . 88 )  
1979 v l 42 .3  34 .3  32 .8  19 . 4  22 .3  
(0 .00) (0 .00) (0 .00) (0 . 00 )  (0.00) 
All 54 .6  57 .5  53 .7  20 .0  22 .3  
(0 . 98) (2 .40) (3 . 69) (1 . 63 )  (0 .00) 
Total Numbers lti8 52 28 8 1 
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Table 14. Back-calculated total lengths, in mm, standard error, ( ), 
and sample size of bluegills (Lepomis macrochirus) in Big Stone Power 
Plant cooling reservoir, South Dakota, 1985. 
Annulus 
Year- Age- Number 
class group 
l 2 3 4 5 
1984 I 112 61.0 
(l.35) 
1983 I I  78 54. 2 136.0 
(l.31) (2. 28) 
1982 III  16 50.7 120.4 178.l 
(2.00) (4. 24) (6.65) 
1981 IV 5 46.5 100.7 166.4 201. 2 
(4.88) (4. 22) (6.37) (9.18) 
1980 v 4 43.8 98.8 167.5 192.5 206.4 
(2.05) (4.19) (5.58) (7.44) (6.53) 
Weighted Mean 57.l 130.4 174.1 197.4 206.4 
(0.92) (2.15) (4.56) (5.91) (6.53) 
Total N 215 103 25 9 4 
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Table 15. Back-calculated growth increments, in mm, standard error, 
( ), and sample size of bluegills (Lepomis macrochirus) in Big Stone 
Power Plant cooling reservoir, South Dakota, 1985. 
Annulus 
Year- Age- Number 
class group l 2 3 4 5 
1984 I 112 61.0 
(l.35) 
1983 II  78 54. 2 81.8 
(l.31) (l.87) 
1982 I I I  16 50. 7 69. 7 57. 7 
(2.00) (4.60) (5.90) 
1981 IV 5 46.5 54. 2 65. 7 34.8 
(4.88) (3.07) (8.49) (8.48) 
1980 v 4 43.8 55.0 68. 7 25.l 13.9 
(2.05) (5.85) (l. 72) (2.01) (3. 79) 
All 57.l 77.6 61.l  30.5 13.9 
(0.92) (l.79) (4. 15) (4.86) (3. 79) 
Total N 215 103 25 9 4 
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Table 16 . Relative abundance of bluegills, ( Lepomis macrochirus) in 
deep and shallow net sets at Big Stone Power Plant cooling reservoir, 
summer 1985 . 
Source df 
Depth l 
Depth*Day 32 
Residual 0 
FUNCAT PROCEDURE 
Chi-square 
1,277 .43 
2, 295 . 61 
a . a  
Prob 
0. 0001 
0. 0001 
1 . 000 
Table 17 . Relative abundance of orangespotted sunfish (Lepomis 
humilis) between deep and shallow net sets in Big Stone Power Plant 
cooling reservoir, summer 1985. 
Source df 
Depth l 
Depth*Two-day 15 
session 
residual 0 
FUNCAT PROCEDURE 
Chi-square 
4 . 08 
75.67 
0. 00 
Prob 
0. 0433 
0. 0001 
1 . 000 
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Table 18. Comparison of bluegill (Lepomis macrochirus) relative 
abundance 1979 versus 1985 , Big Stone Power Plant cooling reservoir , 
using the FUNCAT procedure. N = 2765 in 1979 and 6069 in 1985. 
Source 
Year 
Time x Year 
df 
1 
15 
Chi-square 
576.54 
1093.46 
Prob 
0.0001 
0.0001 
Table 19. Comparison of orangespotted sunfish (Lepomis humilis) 
relative abundance 1979 versus 1985 , Big Stone Power Plant cooling 
reservoir , using the FUNCAT procedure. N = 303 and 108 in 1979 and 
1985 , respectively. 
Source df Chi-square Prob 
Year 1 60.26 0.0001 
Time x Year 7 51.12 0.0001 
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were captured to conduct a statistical analysis of abundance. 
However, the data indicated a substantial decline in relative 
abundance of both species. In 1979, 1, 896 tadpole madtoms and 757 
black bullheads were captured (Wahl 1980). In 1985, only 13 tadpole 
madtoms and 14 black bullheads were captured. 
WALLEYE REPRODUCTION 
No walleye eggs were collected on the egg sampling nets. Of 
two female walleye captured in gill nets in early April, 1985, one 
was spent and the other appeared to be resorbing eggs. Carp eggs 
were collected on the egg sampling nets, indicating they were 
sampling effectively. 
DISTRIBUTION 
Insufficient numbers of walleye were captured with trap nets 
in 1984 and 1985 for statistical analysis of distribution. In 1984, 
31 walleye were captured in the discharge area, 13 in the mixing 
area, and 28 in the intake area. During 1985, 6 walleye were 
captured in the discharge area, 20 in the mixing area, and 14 in the 
intake area. 
Based upon trap net catch data, there was a significant 
difference (P � 0.01) in the distribution of bluegill between the 
three areas of the reservoir during both 1984 and 1985. Total catch 
rates in 1984 were 1123, 4096, and 242� bluegill in the discharge, 
mixing, and intake areas of the reservoir, respectively (Table 20). 
In addition to the main effect, there was also a significant (P � 
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0.01) area by time interaction (Table 20). Means for these catch 
rates are listed in Appendix Table H. During 1985, 56 fish were 
captured per net per day in the discharge area, while in the mixing 
and intake areas, 101 and 80 fish per net per day were captured, 
respectively (Table 21). The 95 % confidence intervals indicated 
that the mixing area had significantly higher catch rates than the 
discharge area, but that catch rates of the mixing and intake areas 
and the discharge and intake areas were not significantly different 
(Table 21). In addition to area effects, there were significant (P < 
0.01) differences between catch rates by depth, time, and depth by 
time (Table 22). Means for these catch rates are listed in Appendix 
Table I. 
Orangespotted sunfish distribution varied between 1984 and 
1985. There was a significant (P � 0.01) difference between the 
numbers of orangespotted sunfish captured with trap nets in the three 
areas of the reservoir during 1984 (Table 23). In 1984, catch rates 
in the discharge and intake areas were nearly identical, while the 
catch rate in the mixing area was approximately 50% greater than that 
in the discharge and intake areas (Table 23). In addition to the 
difference in distribution between areas, there was a significant (P 
� 0.01) area by time interaction (Table 23). Means for these catch 
rates are listed in Appendix Table J .  The 1985 catch rates of 
orangespotted sunfish also differed between areas (P � 0.05) (Table 
24). There were also significant differences by depth (P � 0. 01), 
Table 20. FUNCAT analysis of bluegill (Lepomis macrochirus) 
distribution between the discharge, mixing, and intake areas of Big 
Stone Power Plant cooling reservoir, May-June 1984. Capture with 
trap nets only. 
Total catch 
Discharge 1123 
Mixing 4096 
Intake 2426 
Source 
Area 
Area x time 
residual 
df 
2 
16 
0 
Chi-square 
1179. 75 
764.66 
-0.00 
Prob 
0 . 0001 
0 . 0001 
1.0000 
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Table 21. Means and 95 % confidence intervals for bluegill (Lepomis 
macrochirus) catch per net per day in Big Stone Power Plant cooling 
reservoir,late May to early July, 1985. 
Area 
Discharge 
Mixing 
Intake 
N 
22 
22 
22 
Count 
55.69 
101.44 
79.75 
95 % CI 
39.11-72.27 
84.86-118.02 
63.17-96.33 
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Table 22. Analysis of variance of bluegill (Lepomis macrochirus) 
catch per trap net per day between the discharge, mixing, and intake 
areas of Big Stone Power Plant cooling reservoir, late May to early 
July, 1985. 
ANOVA 
Source df SS F Prob > F 
Area 2 23,044.17 8. 29 0.0024 
Depth 1 82,432.67 59. 31 0.0001 
Area*Depth 2 4, 414.67 1.59 0. 2290 
Time 10 115,172.61 8.33 0.0001 
Area*Time 20 57,329.06 2.06 0.0569 
Depth*Time 10 49,312. 25 3.55 0.0077 
Area*Depth*Time 20 27,798.63 
(error) 
45 
Table 23. FUNCAT analysis of orangespotted sunfish (Lepomis humilis) 
distribution between the discharge, mixing, and intake areas of Big 
Stone Power Plant cooling reservoir, May-June 1984. Capture with 
trap nets only. 
Total catch 
Discharge 63 
Mixing 105 
Intake 67 
Source 
Area 
Area x Time 
Residual 
df 
2 
16 
0 
Chi-square 
11.82 
39.83 
-0.00 
Prob 
0. 0027 
0.0008 
1.0000 
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Table 24. Analysis of variance of orangespotted sunfish (Lepomis 
humilis) catch per trap net per day between the discharge, mixing, 
and intake areas of Big Stone Power Plant cooling reservoir, late May 
to early July, 1985. 
ANOVA 
Source df SS F Prob > F 
Area 2 3.42 5.26 0.0348 
Depth 1 4. 41 13.56 0.0062 
Area*Depth 2 1.14 1. 75 0. 2340 
Time 4 18.82 14.47 0.0010 
Area*Time 8 5.89 2. 27 0.1343 
Depth*Time 4 25. 21 19.39 0.0004 
Area*Depth*Time 8 2.60 
(error) 
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time period (P � 0.01), and depth by time interaction (P � 0.01) 
(Table 24). Means for these catch rates are listed in Appendix Table 
K. There were approximately twice as many fish captured per day in 
the mixing and intake areas as were captured in the discharge area 
(Table 25) . Confidence intervals (95%) indicated no significant 
difference between orangespotted sunfish catch rates in the mixing 
and intake areas, but significant differences between the catch rate 
in the discharge area and catch rates in both the mixing and intake 
areas (Table 25). 
Table 25. Means and 95 % confidence intervals for orangespotted 
sunfish (Lepomis humilis) catch per trap net per day in Big Stone 
Power Plant cooling reservoir, late May to early July, 1985. 
Area 
Discharge 
Mixing 
Intake 
N 
10 
10 
10 
Count 
o .  71 
l.35 
1.49 
95 % CI 
0.53-0.89 
1. 17-1.53 
1.30-1.67 
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DISCUSSION 
POPULATION ESTIMATES AND RELATIVE ABUNDANCE 
Th� walleye population in Big Stone Power Plant cooling 
reservoir was low compared to most aquatic systems. Forney (1967) 
reported 7.5 to 12.4 kg/hectare in New York, and the overall mean 
biomass in 23 North American lakes was 16 kg/hectare (Carlander 
1977). The estimates of Carlander and Forney are similar to that 
reported by Beyerle (1978) when walleyes were stocked in small lakes 
with bluegill forage (62.3 fish/hectare, 16.9 kg/hectare), but less 
than half that of walleyes stocked with minnow forage (87.7 
fish/hectare, 40.3 kg/hectare). 
There are other thermally altered aquatic systems which have 
low walleye abundance. One study in a thermally altered environment 
noted the decline of walleye numbers after the closure of a power 
plant water retention dam (Edrington et al. 1979). Prevention of the 
spawning migration was considered the primary cause of the decline, 
but fluctuating water levels and high temperatures were proposed as 
possible contributing factors. 
The major limiting factor for walleyes in the Big Stone Power 
Plant cooling reservoir appeared to be related to high summer and 
fluctuating winter temperatures. Mean July and August temperatures 
were approximately 30.0 C, and plant shutdowns in winter probably 
lead to rapid temperature declines. Temperatures from 20.0 to 23.2 C 
are preferred and provide optimal growth for walleye (Smith and 
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Koenst 1975 ; Huh 1976 ; Coutant 1977 ; Nickum 1978 ; and Colby et al. 
1979). Critical thermal maximum for walleye ranges from 27.0 to 31.6 
C (Trembley 1960 ; Colby et al. 1979). Therefore, mean summer 
temperatures are at or near critical levels for walleye. A plant 
shutdown in January 1985 resulted in mortality of carp, walleye, and 
centrarchids. Ash et al. (1974) noted a similar mortality of 
spottail shiners and northern pike (Esox lucius) following a power 
plant shutdown in Alberta. 
Fish numbers and biomass fluctuations in the Big Stone Power 
Plant cooling reservoir from 1984 to 1985 suggested that this 
environment was dynamic and unstable. Comparisons of major littoral 
fish species population estimates in 1984 and 1985 to that of 1979 
(Wahl 1980) indicated changes in both species composition and 
population size. The 1979 bluegill population estimate of 114,684 
fish (Wahl 1980) was 54 % of that reported in 1984 and 37 % of that 
reported in 1985. A similar marked annual fluctuation in the 
relative abundance of bluegill and white crappie (Pomoxis annularis) 
was observed near an Ohio river power plant discharge (Yoder and 
Garrmon 1976). They attributed seasonal changes in diversity to 
temperature, and overall species diversity changes from 1970 to 1975 
were attributed to power plant operation. 
Standing stock of bluegills in the Big Stone Power Plant 
cooling reservoir was near the mean of 33.8 kg/hectare for natural 
lakes as reported by Carlander (1955), but lower than the mean 
standing stock of 42.3 kg/hectare noted for reservoirs. Mean 
bluegill standing stock in seven power plant cooling reservoirs as 
reported by Becker et al . (1979) was 23.9 kg/hectare. 
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High bluegill numbers in the cooling reservoir may be 
attributed to thermal conditions. Bluegill grow well over a wide 
range of temperatures, and have a 10 C difference between upper and 
lower avoidance temperatures (Cherry et al. 1977; Coutant 1977). 
Temperature preference reported in the literature ranges from 24.1 to 
33.1 C under various acclimation conditions, with a final temperature 
preferendum of approximately 30.0 to 31.0 C (Ferguson 1958; Beitinger 
1977; Cherry et al. 1977; Coutant 1977). Temperatures in the 
reservoir were within the preferred temperature of bluegill 
throughout the summer. In addition, bluegills typically spawn 
repeatedly, which increases the possibility of producing young during 
optimal conditions. 
Orangespotted sunfish abundance remained similar from 1979 to 
1985. Wahl (1980) calculated an estimate of 6, 092 orangespotted 
sunfish. Population estimates and 95% confidence intervals in 1984 
and 1985 overlapped this value. Standing stock also remained similar 
between 1979 and 1985, fluctuating from 0.3 to 0.4 kg/hectare. These 
estimates are also similar to that reported by Carlander (1955), who 
noted an average standing stock of 0.9 kg/hectare in 10 Midwestern 
lakes. 
Tadpole madtoms and black bullheads were frequently captured 
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littoral fish species in 1979 (Wahl 1980), but declined to incidental 
levels in 1984 and 1985 . Several studies have documented similar 
declines in black bullhead abundance in reservoirs . Walburg (1964) 
noted a decline of black bullhead three years after the impoundment 
of Lewis and Clark Lake . Houser and Collins (1962), as cited in 
Carlander (1969), noted that black bullheads tended to develop large 
populations in reservoirs and then decline to incidental numbers . 
These declines were attributed to an inability to compete well in 
reservoirs, and did not appear to be temperature related . Literature 
relating to the tadpole madtom is limited . Griswald (1963) observed 
that tadpole madtoms comprised only 1 . 0  % of the total fish seined in 
Clear Lake, Iowa . Fago (1985), in a study of relative abundance of 
fishes in Wisconsin, noted that tadpole madtoms comprised only 0 . 0  % 
to 4 . 0  % of the total fish catch in three river basins . The low 
numbers of tadpole madtoms captured in Big Stone Power Plant cooling 
reservoir in 1984 and 1985 are similar to those found in these 
studies . A possible explanation for the decline in numbers from 1979 
to the present is the high mortality rate and low fecundity of the 
tadpole madtom (Mahon 1977), which would make it poorly suited for a 
dynamic system . 
Dissolved oxygen supersaturation may have been another factor 
contributing to the variation in abundance of fishes in the Big Stone 
Power Plant cooling reservoir . Trembley (1960) and Smith (1971) felt 
that oxygen supersaturation was unimportant, yet OeMont and Miller 
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(1971) documented gas bubble disease (GBD) in fishes at a power plant 
discharge. Saturation levels in Big Stone Power Plant cooling 
reservoir are in the upper range of those reported in the literature. 
Otto (1976) observed DO levels of 130 % in Lake Michigan, while 
Brezina et al. (1970) reported DO saturation levels of 112.6 % in a 
1500 acre cooling resevoir. Trembley (1960) noted oxygen saturation 
levels of 146 % at the condenser outlet and 135 % in normal river 
water. 
Only one specimen exhibited external GBD symptoms during this 
study. This low incidence of external symptoms has been noted in 
other studies. Otto (1976), examining fish inhabiting supersaturated 
water, observed GBD symptoms only in carp inhabiting a heated water 
discharge canal. 
GROWTH 
Walleye growth in the cooling reservoir was in the upper range 
of that reported in the literature, while that of Lake Oahe walleyes 
is near average. Colby and Nepszy (1981) noted an extensive range of 
total length at first annulus formation from 76 to 467 mm, while Ney 
(1978) states that in most systems walleye are from 120 to 180 mm 
total length at first annulus formation. Growth of walleyes in the 
southern United States is similar to that in the cooling reservoir. 
Hackney and Holbrook (1978) state that age II  walleye in southern 
waters reached 300 to 400 mm total length. In addition, they noted 
that walleyes in southern waters typically grow faster and have a 
higher mortality rate than those in northern waters. In this 
respect, the walleye population in the cooling reservoir is similar 
to those in the Southern United States. 
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Many factors contribute to variations in the growth rate of 
walleyes, with disagreement expressed over the influence of each 
factor. Huh (1976) stated that temperature was the primary factor in 
walleye growth, while Carlander (1949) noted that the greatest growth 
occured with low population densities. Other authors considered 
growth to be forage dependent (Stroud 1949 ; Forney 1965). Big Stone 
Power Plant cooling reservoir walleyes exist in a system with an 
artificially extended growing season. 
forage and a low population density. 
There is also sufficient 
These three factors probably 
resulted in the high growth rate of walleyes in the cooling 
reservoir. 
Bluegill weighted mean total lengths in the Big Stone Power 
Plant cooling reservoir increased from 1984 to 1985. This increase 
in weighted mean total lengths appears to be caused by selective 
survival of smaller fish (Lee ' s  phenomenon), a low sample size of 
older fish, and a dominant year-class. Back-calculated lengths of 
the 1981 and 1982 year-classes were stable during both years of the 
study, indicating that there was no substantial error in scale 
analysis, yet there was variation in back-calculated lengths of the 
1980 year-class. Only seven and four scale samples of 1980 year­
class bluegill were analyzed in 1984 and 1985, respectively. Mean 
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back-calculated total lengths in 1984 were similar to those in 
natural systems throughout the United States and those reported by 
Wahl (1980) in Big Stone Power Plant cooling reservoir, but exceeded 
those in Texas cooling reservoirs (Table 26). 
It appears that Lee ' s  phenomenon was caused by selective 
survival of smaller fish (Bagenal and Tesch 1978). Non-random 
sampling, incorrect back-calculation, and selective fishing mortality 
are also suggested by Bagenal and Tesch (1978) as possible causes of 
Lee ' s  phenomenon, but with two sample methods used in this study and 
computer analysis of the data using a standard intercept proposed by 
Carlander (1982), it appears that selective survival of smaller fish 
is the logical explanation for Lee ' s  phenomenon. 
Variations in growth of bluegill appear to have little 
relationship to temperature. Barwick and Lorenzen (1984) studied 
bluegill growth rates in a South Carolina cooling reservoir, and 
noted that elevated temperature had no effect on growth, but 
variations in prey �ize and abundance resulted in varying bluegill 
growth rates. In contrast, Beitinger (1977) notes that warmer water 
often results in better fish growth rates. A possible explanation 
for the lack of bluegill growth changes over varying temperatures is 
the ability of bluegill to grow well over a variety of temperatures. 
Lemke (1977) observed similar bluegill growth in laboratory 
conditions from 20 to 36 C, and Beitinger (1974) noted that bluegill 
growth is rapid over a broad thermal range. 
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Table 26. Back-calculated total lengths (mm) of bluegills (Lepomis 
macrochirus) in Big Stone Power Plant cooling reservoir, South 
Dakota, and natural and artificially heated (*) systems in the United 
States. 
Location Annulus 
1 2 3 4 5 
Clearwater L., MO 64 107 142 168 
(Lane 1954) 
Farm pond, KS 37 101 159 164 
(Hart 1979) 
Red Haw L., IA 35 87 155 183 206 
(Lewis 1950) 
Nickajack Res., TN 58 92 124 145 167 
(Timmons and Estes 1980) 
Lake Wingra, WI 47 88 125 142 147 
(El-Shamy 1978) 
Lake Mendota, WI 43 95 135 163 181 
(El-Shamy 1978) 
Oahe Lake, SDa 56 107 147 173 188 
(Fogle 1963) 
Fort Randall L., SD a 50 122 146 156 188 
(Shields 1958) 
Clear L., IA 61 108 142 159 199 
(Dicostanzo 1957) 
Lake Bastrop, TX* 57 
(Serns and Strawn l975)b 
91 116 
Lake Nasworthy, TX* 62 
(Serns and Strawn 1975)b 
97 122 140 
Lake Colorado City, TX*
b
53 91 122 141 166 
(Serns and Strawn 1975) 
Table 26 (continued) 
Location 
l 
North Lake, TX* 39 
(Serns and Strawn 1975)b 
Big Stone Res . , so 52 
(Wahl 1980) 
Big Stone Res. , so 55 
1984 
Big Stone Res • , so 57 
1985 
e 
b data from Carlander (1977) data from Wahl (1980) 
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Annulus 
2 3 4 5 
77 111 141 159 
99 138 156 174 
109 155 165 151 
130 174 197 206 
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DIVERSITY 
Diversity of the littoral fish population in the cooling 
reservoir was low. Both temperature and low habitat diversity may 
have contributed to the low species diversity in the Big Stone Power 
Plant cooling reservoir. The population shifted from a system with 
four commonly captured species in 1979 (Wahl 1980) to a system with 
only two species consistently captured in 1984 and 1985. Studies in 
other systems generally agree that power plants characteristically 
have lower fish diversity, and this lowered diversity has been 
generally attributed to the effects of temperature. Holland et al. 
(1974) observed centrarchid dominance in a cooling pond system, while 
Stauffer et al. (1974) noted a decrease in diversity of fishes when 
temperatures reached 26.7 C. Tranquilli et al. (1981) also observed 
lower fish diversity in Lake Sangchris, Illinois in comparison to 
nearby natural lakes. In their study, nine species comprised 97.4 % 
of the total fish weight. Smith (1971) stated that fewer fish 
species were present in thermally altered water. Yoder and Gammon 
(1976) attributed seasonal changes in fish diversity to temperature 
changes. One power plant on the Potomac river had no impact on fish 
diversity over a nine year study period (Cairns and Kaesler 1971). 
It appears that the increased stress caused by thermal 
discharge is a primary factor in the decline of fish diversity in the 
cooling reservoir. Laws (1981) noted that elevated temperatures 
increase stress on organisms, and therefore make them more 
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susceptible to disease. In addition , critical temperatures for 
growth and reproduction generally lie far within the range of lethal 
temperatures. Thus , an increase in temperature could modify species 
composition through changes in competitive ability without causing a 
direct fish kill. Krebs (1978) noted that decreased environmental 
stability decreases diversity. 
DISTRIBUTION 
Walleye distribution in the present study was inconsistent 
from 1984 to 1985 , probably the result of the small sample size. 
Younk (1981) studied the movements of five adult walleyes in the Big 
Stone Power Plant cooling reservoir and noted that these fish were 
located in the intake area during warmer months , and concentrated 
along the shoreline of the mixing and intake areas from May to July . 
Maddux (1985) , examining juvenile walleye distribution with gill nets 
and trap nets , stated that walleyes concentrated in cool water during 
the summer. In the latter study , walleyes were captured below the 
discharge thermocline , but gre�ter numbers were captured in the 
mixing and intake areas. 
Bluegill concentrated in the mixing and intake areas of the 
reservoir during May and June of the current study. These results 
agree with those of Henley (1981) , who monitored fish movement in the 
Big Stone Power Plant cooling reservoir with sonar equipment. By 
April , most fish had left the discharge area , concentrating in the 
mixing and intake areas. Maddux (1985) also noted differential 
distribution of bluegill throughout the reservoir, with catch rates 
in gillnets and trap nets increasing in the intake area from March 
through the sunmer months. 
Temperature appeared to be the primary factor influencing 
bluegill distribution in the cooling reservoir. Mean surface 
temperatures of 32.5 C in the discharge area exceeded the mean 
preferred temperature of 30.4 C recorded by Coutant (1977), and 
Beitinger (1977) noted that bluegill avoided temperatures greater 
than 33.0 C. 
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Factors other than mean temperature may have contributed to 
the exodus of bluegill from the discharge area. Varying winds caused 
the thermal plume to shift, resulting in rapid temperature 
fluctuations. In addition (though not examined in this study), many 
fish species are known to avoid low levels of chlorine (Giattina et 
al. 1979; Hall et al. 1981, 1983a, l983b). Chlorine was used as an 
antifouling agent at Big Stone Power Plant cooling reservoir, and 
therefore may have been a factor in the avoidance of the discharge 
area by bluegill. 
Distribution of orangespotted sunfish was inconsistent from 
1984 to 1985. This inconsistency precludes any speculation 
concerning the primary factors influencing orangespotted sunfish 
distribution. 
RECOMMENDATIONS 
It appears that the cooling reservoir is unsuitable for 
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maintaining coolwater species but may be useful as a semi-captive 
rearing facility for largemouth bass (Micropterus salmoides) and 
bluegill. Bluegill grow rapidly in the reservoir, and presently 
dominate the fish community in both numbers and biomass. Largemouth 
bass have similar thermal requirements as bluegill, and the bluegill 
would provide an excellent forage base. Largemouth bass prefer 
temperatures from 30. 0 to 32. 2 C (Ferguson 1958; Cincotta et al. 
1984), though in a field study by Block et al. (1984), 31 . 0  C was the 
upper avoidance temperature. Summer temperatures in the cooling 
reservoir are at or near the preferred temperature of the largemouth 
bass. In addition, largemouth bass are able to withstand cold shocks 
which may occur following plant shut down in winter. Cincotta et al. 
(1984) noted a lethal cold shock temperature of 12. 0 C following 
acclimation at 30. 0 and 36. 0 C. Further research evaluating the 
ability of bluegill to withstand extensive harvest is recommended. 
In addition, it is recommended that the ability of largemouth bass to 
survive and grow in the cooling reservoir be examined. The cooling 
reservoir may be a source of young bluegill for the South Dakota 
Department of Game, Fish, and Parks to stock in other systems. 
Capture efforts concentrating primarily in the mixing area during May 
and June should result in high catch rates. In addition, the 
reservoir may be an inexpensive grow out pond for largemouth bass 
brood stock. 
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APPENDIX 
Appendix Table A. Mark and recapture data for bluegills ( Lepomis 
macrochirus) in Big Stone Power Plant cooling reservoir, South 
Dakota, 25 May to 28 June, 1984. 
Date Total (mart) Recap. Marked CtMt Estimate 
Caught at large 
Ct Rt Mt N 
5-25 132 ( 2) 0 
5-28 177 (8) 0 130 23,010 
5-29 70 (0) o 299 20,930 
5-30 329 (4) 1 369 121, 401 82, 671 
5-31 429 ( 21) 1 693 297, 297 154, 213 
6-01 357 (18) 1 1100 392,700 213, 835 
6-02 391 (32) 2 1438 562, 258 236, 266 
6-04 373 ( 25) 12 1795 669,535 115,952 
6-05 447 (36) 1 2131 952, 557 159,984 
6-06 614 (66) 5 2541 1,560,174 191,661 
6-07 124 ( 4) 1 3084 382, 416 199, 291 
6-08 390 (6) 6 3203 1, 249,170 201,014 
6-09 329 (51) 9 3581 1,178,149 185, 239 
6-12 146 ( 2) 5 3850 562,100 177,149 
6-13 446 (10) 2 3989 1,779,094 207,464 
6-14 307 (5) 5 4423 1,357,861 213, 628 
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Appendix Table A. (continued) 
Date Total ( mart) Recap. Marked CtMt Estimate 
Caught at 
Large 
Ct Rt Mt N 
6-15 88 (3 )  1 4720 415 ,360 217,434 
6-16 450 (27) 19 4804 2 , 161 , 800 190, 081 
6-18 138 (2 )  8 5208 718 , 704 180, 056 
6-19 284 ( 4 )  4 5336 1 ,515 , 424 189 ,523 
6-20 269 ( 18 )  12 5612 1 ,509 , 628 181 ,558 
6-21 795 ( 83 )  10 5851 4 , 651 ,545 208 , 312 
6-22 359 (3 )  20 6553 2 , 352 ,527 193 , 918 
6-23 330 (5 ) 8 6889 2 , 273 ,370 199 ,306 
6-25 79 (2 )  4 7206 569 , 274 197, 654 
6-26 461 ( 0) 10 7279 3 ,355 ,619 206 , 972 
6-27 131 ( 1 )  3 7730 1 , 012 ,630 209 ,566 
6-28 102 ( 1) 3 7857 801 , 414 210, 686 
Appendix Table B. Mark and recapture data for bluegills (Lepomis 
macrochirus) in Big Stone Power Plant cooling reservoir, South 
Dakota , 23 May to 4 July, 1985. Trap net mark and recapture only. 
Date Total ( mart) Recap. Marked CtMt Estimate 
caught at large 
Ct . R Mt N 
5-23 1176 ( 215) ------- --------- -------
5-24 1098 ( 160) 2 961 1,055, 178 351,726 
5-25 750 (39) 6 1, 897 1, 422,750 275,325 
5-27 1417 (54) 21 2,602 3,687,034 205,499 
5-28 940 (31) 13 3,944 3,707,360 229,589 
5-29 1079 ( 29) 10 4,840 5, 222,360 284,805 
5-30 1108 ( 42) 14 5,880 6,515,040 322,533 
6-01 1086 (50) 10 6,932 7,528, 152 373,562 
6-03 599 ( 15) 18 7,958 4,766,842 356, 892 
6-04 399 ( 10) 7 8,524 3,401,076 365,743 
6-05 369 (7) 26 8,906 3, 286,314 317, 126 
6-06 298 ( 7 )  2 9, 242 2,754, 116 333,432 
6-07 255 (4) 5 9,531 2,430,405 339,086 
6-10 399 (5) 11 9,777 3, 901,023 340, 258 
6-11 196 ( 2) 3 10, 160 1,991,360 346, 771 
6-12 397 (7) 12 10 ,351 4, 109,347 346, 449 
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Appendix Table 8 .  (continued) 
Date Total (mart) Recap Marked CtMt Estimate 
Caught at Large 
Ct Rt Mt N 
6-13 125 ( 8 )  8 10 , 729 1 , 341 , 125 337, 985 
6-14 486 ( 14 )  18 10 , 838 5 , 267, 268 333 , 619 
6-15 688 (11 ) 38 11 , 292 7, 768 , 896 311 , 803 
6-18 279 ( 8) 14 11 , 931 3 , 328 , 749 307, 466 
6-20 392 ( 7) 11 12 , 188 4 , 777, 696 313 , 048 
6-21 125 (3) 7 12 ,562 1 ,570 , 250 310 ,632 
6-22 65 ( 1 )  3 12 , 677 824 , 005 310 , 216 
6-24 443 ( ll )  20 12 , 738 5 , 642 , 934 308 , 212 
6-26 968 (31 ) 27 13 , 150 12 , 729 , 200  322 , 568 
6-27 418 (7) 27 14 , 060 5 , 877, 080 314 , 089 
6-28 193 ( 1 ) 13 14 , 444 2 , 787, 692 310 ,355 
6-29 810 ( 15 )  16 14 ,623 11 , 844 , 630 329 ,305 
6-30 295 (5 )  14 15 , 402 4 ,543 ,590 329 , 129 
7-01 659 ( 15 )  18 15 , 678 10 , 331 , 802 340 , 287 
7-02 878 ( 17) 39 16 ,304 14 , 314 , 912 342 , 692 
7-03 1501 (66 )  80 17, 126 25 , 706 , 126 339 ,366 
7-04 972 (30 )  45 18 , 4b_;_ 17, 963 ,532 344 , 182 
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Appendix Table C. Mark and recapture data for bluegills in Big Stone 
Power Plant cooling reservoir , South Dakota , 3 June to 5 July , 1985 . 
Data from trap net mark and electrofishing recapture. 
Date Total Recap. Marked CtMt Estimate 
Caught at large 
Ct R Mt N 
6-03 17 0 8 ,524 144 , 908 
6-14 54 5 11 , 292 609 , 768 125 , 779 
6-15 61 2 11 , 931 727, 791 185 ,308 
6-19 159 3 12 , 188 1 , 937, 892 310, 942 
6-20 117 6 12 ,562 1 , 469 , 754 287, 654 
6-22 192 5 12 , 738 2 , 445 , 696 333 , 446 
6-23 31 0 12 , 738 394 , 878 351 , 395 
6-27 127 6 14 , 444 1 , 834 ,388 341 , 610 
6-29 131 8 15 ,402 2 , 017, 662 321 , 743 
6-30 160 7 15 , 678 2 ,508 , 480 327, 703 
7-01 29 0 16 ,304 472 , 816 338 , 698 
7-02 119 6 17,126 2 , 037,994 338 , 817 
7-03 238 11 18 , 481 4 , 398 , 478 350, 008 
7-04 177 10 19378 3 , 429 , 906 349 , 006 
7-05 477 38 19 ,378 9 , 243 ,306 311 , 794 
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Appendix Table D. Mark and recapture data for orangespotted sunfish 
(Lepomis humilis) in Big Stone Power Plant cooling reservoir, South 
Dakota, 25 May to 28 June, 1984. 
Date Total (mart) Recap. Marked CtMt Estimate 
Caught at Large 
Ct Rt Mt N 
5-25 3 (2) 0 ------
5-28 2 (1) 0 1 2 
5-29 1 (0) 0 2 2 
5-30 5 (O) 0 3 15 
5-31 6 (1) 0 8 48 
6-01 5 (0) 0 13 65 
6-02 11 (0) 0 18 198 
6-04 12 (0) 0 29 348 
6-05 2 (0) 0 41 82 
6-06 5 (0) 0 43 215 
6-07 4 (0) 0 48 192 
6-08 5 (0) 0 52 260 
6-09 18 (0) 0 57 1,026 
6-12 6 (0) 0 75 450 
6-13 25 (0) 0 81 2,025 
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Appendix Table o .  (continued) 
Date Total (mart) Recap Marked Ct Mt Estimate 
Caught at Large 
Ct Rt Mt N 
6-14 11 ( 0 )  0 106 1 , 166 
6-15 2 ( 0 )  0 117 234 
6-16 21 ( 0 )  0 119 2 , 499 
6-19 9 ( 0 )  1 140 1 , 260 5 , 043 
6-20 7 ( 0 )  0 148 1 , 036 5 ,562 
6-21 18 ( 0 )  0 155 2 , 790 6 , 957 
6-22 35 ( 0 ) 0 173 6 , 055 9 , 984 
6-23 3 ( 0 )  0 208 624 10 , 296 
6-25 8 ( 0 ) 0 211 1 , 688 11 , 140 
6-26 14 (2)  0 219 3 , 066 12 , 673 
6-27 12 ( 0 )  0 231 2 , 772 14 , 059 
6-28 2 ( 0 )  2 243 1 , 944 7,516 
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Appendix Table E. Mark and recapture data for orangespotted sunfish 
(Lepomis humilis) in Big Stone Power Plant cooling reservoir, South 
Dakota, 23 May to 2 July, 1985. Data from trap net mark and 
recapture only. 
Date Total (mart) Recap. Marked CtMt Estimate 
Caught at Large 
Ct Rt Mt N 
5-23 34 (3) 
5-24 37 (2) 0 31 1,147 
5-25 18 (0) 0 66 1,188 
5-27 8 (0) 0 84 672 
5-28 15 (2) 0 92 1, 380 
5-29 4 (0) 0 105 420 
5-30 13 (4) 0 109 1, 417 
6-01 15 ( 1 )  0 118 1, 7704 
6-03 4 (0) 0 132 528 
6-04 2 (1) 0 136 272 
6-05 3 (1) 2 137 411 3,068 
6-06 l (0) 0 137 137 3,114 
6-07 4 (0) 0 138 552 3, 298 
6-10 9 (1) 0 142 1,278 3, 724 
6-11 0 (0) 0 150 0 3, 724 
6-12 5 (0) 0 150 75U 3, 974 
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Appendix Table E. (continued) 
Date Total (mart) Recap Marked CtMt Estimate 
Caught at Large 
Ct Rt Mt N 
6-13 5 ( 0) 0 155 775 4 , 232 
6-14 2 ( 0) 0 160 320 4 , 339 
6-15 3 ( 0) 0 162 486 4 ,501 
6-18 7 ( 0) 1 165 1 , 155 3 ,665 
6-20 3 ( 0) 0 171 513 3 , 793 
6-21 5 ( 0) 1 174 870 3 , 208 
6-22 4 ( 0) 0 178 712 3 , 351 
6-24 1 ( 0) 0 182 182 3 , 387 
6-26 25 ( 0) 0 183 4 ,575 4 ,302 
6-27 6 ( 1 )  2 208 1 , 248 3 , 251 
6-28 0 ( 0) 0 211 0 3 , 251 
6-29 6 ( 0) 0 211 1 , 266 3 , 432 
6-30 l ( 0) 0 217 217 3 , 463 
7-01 7 ( 0) 0 218 1 ,526 3 , 681 
7-02 6 ( 0) 0 225 1 , 350 3 , 874 
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Appendix Table F. Mark and recapture data for walleye (Stizostedion 
vitreum vitreum) in Big Stone Power Plant cooling reservoir, South 
Dakota, 25 May to 28 June, 1984. 
Date Total (mart ) Recap. Marked CtMt Estimate 
Caught at Large 
Ct Rt Mt N 
5-28 1 
5-29 0 (0 ) 0 1 
5-30 6 (1 ) 0 1 6 
5-31 3 (2 ) 0 6 18 
6-01 0 (0 ) 0 7 0 
6-02* 4 (0 ) 0 
6-04* 2 (0 ) 0 
6-05* 3 (0 ) 0 
6-06* 2 (1 ) 0 
6-07* 3 (2 ) 0 
6-08* 3 (1 ) 0 
6-09* 4 (1 ) 0 
6-12* 3 (2 ) 0 
6-13* 4 (0 ) 0 
6-14* 4 (0 ) 0 
6-16 3 (0 ) 1 7 21 11 
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Appendix Table F. (continued) 
Date Total (mart) Recap Marked CtMt Estimate 
Caught at Large 
Ct Rt Mt N 
6-18 6 ( 3 ) l 9 54 25 
6-19 2 ( 0) 0 11 22 32 
6-20 2 ( 0) l 13 26 31 
6-22 4 (2 ) 3 14 56 30 
6-23 4 ( 1) 0 15 60 34 
6-25 3 ( 1 )  1 18 54 37 
6-26 3 ( 0) 0 20 60 44 
6-27 2 ( 0) 2 23 46 40 
6-28 4 ( 0) 2 23 92 41 
*Fish not marked on indicated days 
88 
Appendix Table G. Mark and recapture data for walleye (Stizostedion 
vitreum vitreum) in Big Stone Power Plant cooling reservoir, South 
Dakota, 25 May to 4 July, 1985. 
Date Total (mart) Recap. Marked CtMt Estimate 
Caught at Large 
Ct Rt Mt N 
5-25 l (0) 
5-27 2 (0) 0 l 2 
6-01 l (1) 0 3 3 
6-04 2 (0) 0 3 6 
6-06 3 (0) 0 5 15 
6-10 2 (0) 0 8 16 
6-11 2 (0) 0 10 20 
6-12 l (0) l 12 12 37 
6-20 2 (0) l 12 24 33 
6-22 2 (0) l 13 26 31 
6-24 7 (0) l 14 98 44 
6-26 2 (0) 2 20 40 37 
6-27 5 (0) 2 20 100 40 
6-28 2 (0) 2 23 46 37 
6-29 2 (0) 0 23 46 41 
6-30 2 (0) l 25 50 42 
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Appendix Table G. (continued) 
Date Total (mart ) Recap Marked CtMt Estimate 
Caught at Large 
Ct Mt N 
7-01 1 (0) 1 26 26 41 
7-02 1 (0) 1 26 26 40 
7-03 1 (1) 0 26 26 42 
7-04 1 (0) 0 26 26 43 
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Appendix Table H. Catch rates of bluegill (Lepomis macrochirus) by 
area and time in Big Stone Power Plant cooling reservoir, 1984. Time 
is each 3-day sample session. 
Time Area 
Discharge Mixing Intake 
1 68 176 112 
2 247 570 165 
3 189 893 310 
4 95 488 181 
5 160 187 552 
6 98 222 124 
7 114 707 526 
8 97 501 169 
9 55 352 287 
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Appendix ·Table I. Depth, time, and depth* time mean daily trap net 
catch rates for bluegill (Lepomis macrochirus) in Big Stone Power 
Plant cooling reservoir, South Dakota, 1985. Time is each 3-day 
sample session. 
Time Catch Depth Catch 
1 126. 0 shallow 114.3 
2 143. 2 deep 43. 6  
3 115.7 
4 44. 4 
5 35. 4 
6 42. 0 
7 56. 6 
8 26. 4 
9 65. 8 
10 73. 5 
11 139. 6 
Depth *Time 
Time Shallow Deep 
1 201. 1 50. 99 
2 224. 1 62.3 
92 
3 194.1 37.3 
4 81.3 7.5 
5 62.3 8.5 
6 61.3 22.7 
7 63.8 49.4 
8 38.7 14.1  
9 85.5 46. 1 
10 84.0 63.0 
11 161.1 118. 2 
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Appendix Table J. Catch rates of orangespotted sunfish (Lepomis 
humilis) by area and time in Big Stone Power Plant cooling reservoir, 
1984. Time is each 3-day sample session. 
Time 
l 
2 
3 
4 
5 
6 
7 
8 
9 
Discharge 
2 
9 
2 
4 
9 
9 
2 
18 
8 
Area 
Mixing 
5 
5 
3 
19 
18 
8 
16 
20 
11 
Intake 
1 
2 
11 
4 
15 
4 
16 
8 
6 
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Appendix Table K. Depth, time, and depth * time mean daily trap net 
catch rates for orangespotted sunfish, (Lepomis humilis) in Big Stone 
Power Plant cooling reservoir, South Dakota, 1985. Time is each 6-
day sample session. 
Time 
1 
2 
3 
4 
5 
Time 
1 
2 
3 
4 
5 
Catch rate 
2.8  
0. 8 
0. 6 
0.9 
0. 8 
Depth 
shallow 
deep 
Depth * Time 
Shallow 
4.8 
1 .4  
0.5 
0.5 
0.5 
Deep 
0.7 
0.2 
0. 6 
1 .3  
1.2 
Catch rate 
1. 6 
1 .8  
